The hydrazide-hydrazone derivative 1 was formed through the reaction of cyanoacetic acid hydrazide with 2-acetylfuran. Compound 1 underwent a series of hetrocyclization reactions through its reaction with different chemical reagents to produce arylidene, coumarin, aryl hydrazone, pyridine, thiophene and thiazole derivatives 2-10. The MIC values for the newly synthesized products were tested against E. coli, B. cereus, B. subtilis and C. albicans compared with ampicilline and cycloheximide as reference drugs.
Introduction
It is well known that the hydrazone group plays an important role for the antimicrobial activity. Furthermore, a number of hydrazide-hydrazone claimed to possess interesting antibacterial-antifungal [1] [2] [3] anticonvulsant [4, 5] anti-inflammatory [6, 7] antimalarial [8] and antituberculosis activities [9] [10] [11] [12] [13] [14] [15] . We report here the synthesis of a series of
Results and Discussions
Cyanoacetylhydrazine reacts with 2-acetylfuran to give the hydrazide-hydrazone derivative 1. The structure of compound 1 was established on the basis of analytical and spectral data. Thus 1 H NMR spectrum showed the presence of a singlet at δ 1.01 ppm corresponding to CH 3 group, a singlet at δ 3.31 ppm for CH 2 group, a multiplet at δ 6.42-7.29 ppm for the furan protons and a singlet at δ 7.90 ppm for an NH group. Moreover, the 13 C NMR data showed the presence of δ 18.7 (CH 3 ), 27.9 (CH 2 ), 110.3, 129.6, 137.2, 143.9 (furan C), 156.9 (C=N), 168.4 (C=O). Further elucidation for the structure of 1 was obtained through studying its chemical reactivity through some chemical reagents. Thus, the reaction of 1 with aromatic aldehydes either benzaldehyde, 4-chlorobenzaldehyde or 4-methoxybenzaldehyde gave the benzalidene derivatives 2a-c, respectively. Analytical and spectral data are in agreement with the proposed structures. On the other hand, the reaction of 1 with salicylaldehyde gave the coumarin derivative 3. The reaction goes in analogy with the reported literature [16, 17] . The reaction of 1 with either benzenediazonium chloride, 4-chlorobenzenediazonium chloride and 4-methylbenzenediazonium chloride gave the aryl hydrazone derivatives 4a-c, respectively.
The reaction of compound 1 with cinnamonitrile derivatives was studied. Thus, the reaction of 1 with either α-cyanocinnamonitrile or ethyl α-cyanocinnamate gave the pyridine derivatives 6a and 6b, respectively. The reaction took place through the intermediate formation of 5a,b. Structures of 6a and 6b were based on analytical and spectral. Thus, the 1 H NMR spectrum of 6a showed the presence of a singlet at δ 1.05 corresponding to the CH 3 group, a singlet at δ 4.87 for an NH 2 group, a multiplet at δ 7.28-7.41 phenyl and furan protons. Further confirmation for the structures of 6a and 6b were obtained through their synthesis via another reaction root. Thus, the reaction of compound 2a with either malononitrile or ethyl cyanoacetate gave the same pyridine derivatives 6a and 6b, respectively (m.p., mixed m.p. and fingerprint IR). The reaction of 1 with either malononitrile or ethyl cyanoacetate gave the pyridin-2-one derivatives 7a and 7b, respectively. Analytical and spectral data are consistent with the proposed structures.
The reaction of 1 with either malononitrile or ethyl cyanoacetate and elemental sulfur in the presence of triethyl amine gave the thiophene derivatives 8a and 8b, respectively. The reaction goes in parallel to the reported Gewald's thiophene synthesis [18] . Similarly, the reaction of 1 with cyclohexanone and elemental sulfur gave the 4,5,6,7-tetrahydrobenzothiophene derivative 9. Formation of 9 took place according the similar reported reactions of cyclohexanone with methylene reagents and elemental sulfur [19] . On the other hand the reaction of 1 with elemental sulfur and phenylisothiocyanate gave the thiazole derivative 10. Formation of the latter product took place in parallel to the reported Hanzesch reported reaction [20] . Structures of compounds 9 and 10 were based on analytical and spectral data. According to the results shown in Table 1 , only two compounds 1 and 4b are moderately active against E. coli in the concentrations tested (average MIC 12.5 μgmL -1 ), the cyanoacetyl and 4-chlorophenyl derivatives of furan moieties being responsible for such activity. However, compound 1 was the higher active compound. Compounds 2a, 6b and 7b are highly active compounds against B. Cereus. Also compound 6b showed the highest activity towards B. subtilis with respect to ampicilline. The compounds 2c, 4a, 6a and 8b shows the highest activity against C. albicans. Comparing the SAR of compounds 6a,b compound 6b with the Ethylester group showed the highest activity towards B. subtilis. On the other hand considering the hydrazone derivatives 4a-c, the phenylhydrazone compound 4a showed the highest activity towards C. albicans. Substitution with 4-chloro group as in 4b showed no activity towards C. albicans. Compounds 6a,b and 7a,b (the substituted hydrazone derivatives) one can notice that the activity against B. cereus was increased due to the existence of the pyridine ring, but compounds 6b and 7b are higher active than the corresponding 6a and 7a due to the presence of the ethyl pyridine-3-carboxylate moiety and hydroxy group respectively. Finally compound 6b is the only highest active against B. subtilis due to the presence of the ethyl pyridine-3-carboxylate moiety. 
Experimental

Synthetic methods, analytical and spectral data
Melting points were determined on an electrothermal apparatus (Buchi 535, Switzerland) in an open capillary tube and are uncorrected. Elemental analyses were determined on a Yanaco CHN Corder elemental analyzer (Japan). IR spectra expressed in (ν cm -1 ) were recorded in KBr pellets on a PA-9721 IR spectrophotometer (Shimadzu, Japan).
1 H NMR & 13 C NMR spectra were obtained on a Jeol 300 MHz (Japan) spectrometer in DMSO-d 6 as solvent, using TMS as internal reference and chemical shifts (δ) are expressed in ppm. Mass spectra were recorded on Kratos (75e-v) Ms Equipment (Germany). Synthetic pathways are presented in Schemes 1, 2 and 3. Physicochemical and spectral data for the synthesized compounds are given. The antimicrobial activities of the tested compounds are given in the table. All compounds produced in this work are novel.
2-Cyano-N'-(1-furan-2-ylethylidene)acetohydrazide (1)
To a solution of 2-cyanoacetohydrazide (1.0 g, 0.01 mol) in 1,4-dioxane (30 mL) 2-acetylfuran (1.7 g, 0.01 mol) was added. The reaction mixture was heated under reflux for 1 h then left to cool. The solid product formed upon pouring onto ice/water was collected by filtration. 
Colourless crystals of mp 155 °C (ethanol
2-Cyano-N'-(1-furan-2-ylethylidene)-3-phenylprop-2-enehydrazide (2a), 3-(4-chlorophenyl)-2-cyano-N'-(1-furan-2-ylethylidene)prop-2-enehydrazide (2b) and
2-cyano-N'-(1-furan-2-ylethylidene)-3-(4-methoxyphenyl)prop-2-enehydrazide (2c) N'-(1-furan-2-ylethylidene)-2-oxo-2H-chromene-3-carbohydrazide (3)
General procedure: Equimolecular mixture of 1 (3.21 g, 0.01 mol) and either benzaldehyde (1.08 h, 0.01 mol), p-chlorobenzaldehyde (1.38 g, 0.01 mol), 4-methoxybenzaldehyde (1.34 g, 0.01 mol) or salicylaldehyde (1.22 g, 0.01 mol) in 1,4-dioxane (20 mL) containing piperidine (0.50 mL) was heated under reflux for 3 h. The reaction mixture was left to cool then poured onto ice/water containing few drops of hydrochloric acid and the formed solid product, formed in each case, was collected by filtration. 
2a. Colorless crystals of mp 233-225 °C (ethanol
6-Amino-1-[(1-furan-2-ylethylidene)amino]-2-oxo-4-phenyl-1,2-dihydropyridine-3,5-dicarbonitrile (6a) and ethyl 2-amino-5-cyano-1-[(1-furan-2-ylethylidene)amino]-6-oxo-4-phenyl-1,6-dihydropyridine-3-carboxylate (6b)
Method (A): To a solution of compound 1 (3.21 g, 0.01 mol) in 1,4-dioxane (40 mL) containing triethylamine (1.0 mL), either benzalmalononitrile (1.54 g, 0.01 mol) or ethyl benzalacetate (2.01 g, 0.01 mol) was added. The reaction mixture, in each case was heated under reflux for 3 h then poured onto ice/water and the formed solid product was collected by filtration. 3-amino-N'-(1-furan-2-ylethylidene)-4,5,6,7-tetrahydro-1-benzothiophene- 
2-carbohydrazide (9)
General procedure: To a solution of compound 1 (3.21 g, 0.01 mol) in absolute ethanol (50 mL) containing triethylamine (1.0 mL) either malononitrile (0.66 g, 0.01 mol), ethyl cyanoacetate (1.13 g, 0.01 mol) or cyclohexanone (0.98 g, 0.01 mol) together with elemental sulfur (0.32 g, 0.01 mol) were added. The whole reaction mixture was heated under reflux for 1 h then poured onto ice/water mixture and the formed solid product, in each case, was collected by filtration. N'-(1-furan-2-ylethylidene)-3-phenyl-2-thioxo-2,3-dihydro-1,3-thiazole- 
8a. Colorless crystals of mp >300 °C (ethanol
4-amino-
5-carbohydrazide (10)
To a solution of compound 1 (3.21 g, 0.01 mol) in absolute ethanol (30 mL) containing triethylamine (1.0 mL) and elemental sulfur (0.32 g, 0.01 mol), phenylisothiocyanate (1.30 g, 0.01 mol) was added. The reaction mixture was heated under reflux for 3 h then left to cool. The solid product formed upon pouring onto ice/water was collected by filtration. 
Colorless crystals of mp 160 °C (acetic acid
Antimicrobial Activity
The in vitro antimicrobial activity of the newly heterocyclic derivatives against two strains of Gram positive bacteria (Bacillus subtilis CECT 498 and Bacillus cereus CECT 148), one strain of Gram negative bacteria (Escherichia coli ECT 101 ) and Candida albicans CECT 1394 as a representative species of fungi was investigated. The newly synthesized products were dissolved in aqueous ethanol to give a logarithmic series of concentrations from 2 to 256 mg/L upon tenfold dilution with the growth medium and spore suspension of the test fungi. The toxicity of compounds was determined via a pipette additions into the wells of multi-well slides, followed with 25 μL of the culture medium. The incubated slides were then incubated at 25 °C until short germ tubes appeared; approximately 50 μm in length (at 0 h) was measured. Five μL volumes of the prepared compound test solutions were added to the incubated wells, one control well on each slide being treated with solvent only. The slides were then returned to the incubator until germ tubes 400 μm (± 50 μm) long were visible in the control wells. Further growth was arrested by the addition of lactophenol aniline blue to each of the wells. The minimal inhibitory concentration (MIC in μg mL -1 ) was determined using an adaptation of agar streak dilution method based on radial diffusion. Under the same conditions ampicillin (antibacterial) and cycloheximide (antifungal) were used as standards. The MIC was considered to be the lowest concentration of the tested compound (in dimethylformamide) which inhibits growth of bacteria or fungi on the plate ( Table 1 ). The diameters of the inhibition zones corresponding to the MICs are also presented in Table 1 .
Tab. 1.
Antimicrobial activities of the tested compounds 
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